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ARTICLE INFO ABSTRACT

Keywords: Background: Contactin-associated protein-like 2 (CASPR2) antibodies are mainly linked to acquired neuro-
Neumpathic. pair‘x myotonia, limbic encephalitis and Morvan syndrome. Nevertheless, neuropathic pain is increasingly reported,
CASPRZ'intlbOdles though data on its characteristics remain limited. Here, we describe a patient with isolated neuropathic pain
ﬁ?;x;berapy associated with CASPR2 antibodies and we conducted a systematic review to better define this relevant

presentation.

Methods: Index case was reported following CARE guidelines. The systematic review was performed on MED-

LINE, Embase, and Cochrane, according to the updated PRISMA statement guidelines.

Results: The literature review identified 216 patients with neuropathic pain in the context CASPR2 antibody
disease spectrum, with isolated pain described in only 16/216 (7.4 %) cases. Pain was typically severe and
presented as distal burning pain (74/147, 50.3 %), widespread pain with myalgia and cramps (31/147, 21.1 %),
or severe back pain radiating to the legs (13/147, 8.8 %). Peripheral nerve hyperexcitability was found in 50/76
(65.8 %) of patients, while small nociceptive fiber dysfunction was identified in 16/19 (84.2 %). Immuno-
therapy, especially second line treatments, improved pain in 85.4 % (76/89) of cases, with complete remission of
symptoms in 34/89 (38.2 %), while symptomatic treatment helped 55.1 % (27/49) of patients, with complete
response in 10/49 (20.4 %). Long-term therapy was often needed, and relapses occurred in 5.2 % (5/96) after

discontinuation.

Conclusions: Neuropathic pain appears to be a suggestive and relevant symptom in CASPR2 disease. Although
rare, it can be the solely clinical feature of the disease. Testing for CASPR2 antibodies should be included in the
screening of patients with neuropathic pain as in these cases rapid initiation of immunotherapy and escalation to

second-line treatments can be highly effective.

Registration information: The systematic review protocol was registered in the PROSPERO website [Protocol

number CRD42024582950].
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1. Introduction

Contactin-associated protein-like 2 (CASPR2) is a cell adhesion
protein from the neurexin family, known for its critical role in synapse
formation and regulation of synaptic properties (Pinatel et al., 2015).
Antibodies against CASPR2 are directly pathogenic and target the
extracellular domains of the molecule (Patterson et al., 2018). They have
been linked to distinct clinical syndromes, such as limbic encephalitis,
neuromyotonia and Morvan’s syndrome (van Sonderen et al., 2016).
Neuropathic pain, alongside other neurological manifestations, has
increasingly been reported as a feature of CASPR2 antibody spectrum
disorder (Benoit et al., 2023; Greguletz et al., 2024; Ramanathan et al.,
2021; van Sonderen et al., 2016). However, isolated neuropathic pain
associated with CASPR2 antibodies is a less recognized clinical presen-
tation, with lacking data on the clinical presentation, clinical outcome
measures, treatment strategies and outcome of these patients. Here, we
present the index case of a 64-year-old patient who developed isolated
neuropathic pain associated with CASPR2 antibodies. The patient was
initially refractory to symptomatic treatment but showed a complete
resolution of the pain after immunotherapy. In addition, we conducted a
systematic review on the reported association between CASPR anti-
bodies and neuropathic pain, with a detailed description of the different
clinical phenotypes of pain, the diagnostic and therapeutic approaches,
and clinical outcomes.

2. Methods
2.1. Case report

The clinical and serological data were prospectively collected, and
the index case was reported following CAse REports (CARE) guidelines
and written informed consent was obtained from the patient. Antibody
testing for CASPR2 antibodies was performed by live cell-based assay
(CBA) and tissue-based assay (TBA) as previously described (Spagni
et al., 2023). Briefly, Human embryonic kidney (HEK) 293 cells were
seeded in a 24-well plate and, after reaching 70 % confluence, cells were
transiently transfected with membrane-tethered CASPR2 C-terminally
fused to enhanced green fluorescent protein (eGFP). Twenty-four hours
after transfection cells were washed and incubated with serum (dilution:
1:100) for one hour. Cells were then fixed with 4 % paraformaldehyde,
blocked with normal goat serum (Sigma-Aldrich, MS, USA) for 30 min,
and incubated with Alexa Fluor 594 Goat anti-human Fc-gamma anti-
body (1:750, Jackson ImmunoResearch Laboratories Inc., PA, USA).
After washing, cells were then embedded in mounting medium con-
taining DAPI (1:1.000) and visualized by fluorescence microscopy. The
detection of CASPR2-IgG subclasses was performed by live CBA with
HEK293 cells transiently transfected to express CASPR2-eGFP, and
analyzed by multicolour flow cytometry as previously reported by our
group (Spagni et al., 2024). HEK293 cells were transiently transfected
with membrane-tethered CASPR2 C-terminally fused to enhanced green
fluorescent protein (eGFP). After 24 h, cells were detached and incu-
bated with serum (dilution 1:100) for 30 min at room temperature. After
2 washing steps, a single mouse antihuman secondary antibody (IgG1-3:
AF647, 1gG4: PE; SouthernBiotech, Birmingham, AL [IgG1 Hinge-Alexa
Fluor 647 (9052-31), IgG2 Fc-Alexa Fluor 647 (9070-31), IgG3 Hinge-
Alexa Fluor 647 (9210-31), IgG4 Fc-PE (9200-09]) was incubated for
30 min at room temperature. Subsequently, cells were washed once with
buffer containing DAPI and once without DAPI and analyzed on a Max
Quant flow cytometer. The antibody levels were then calculated by
subtracting the median IgG fluorescence of the GFP-negative from GFP-
positive cells (to generate delta medians of the fluorescence intensity
HEK/single cells/viable/GFP positive-HEK/single cells/viable/GFP
negative) and normalized to calibration beads (Quantum Simply
Cellular microspheres; Bangs Laboratories, Fishers, IN), resulting in
antibody binding capacities of the cells. The cutoff was calculated for
each subclass individually using 9 to 10 healthy control serum samples
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(mean + 3 standard deviations).
2.2. Systematic literature review

2.2.1. Search strategy

The systematic review was performed according to the updated
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement guidelines. Our protocol was registered in the PROSPERO
website, the international prospective register of systematic reviews
[Protocol number CRD42024582950]. Three reviewers (SC, MUV and
MS) independently searched articles published up to September 2024
using the following databases: MEDLINE, Embase, and Cochrane for
articles. The following search terms were used: “CASPR2” OR “VGKC”
AND “neuropathy” OR “pain”. In case of studies with partial data re-
ported, the studies’ leading authors were contacted for further
information.

2.2.2. Selection criteria

The studies included in the analysis were selected based on the
following criteria: (1) original research article; (2) patients with a
diagnosis of CASPR2 antibody disease spectrum in which neuropathic
pain was described in the clinical presentation; (3) availability of in-
formation about demographic and clinical characteristics of the pa-
tients, pain features, diagnostic methods, treatments strategies and
clinical outcomes; (4) studies published in English. Reviews, opinion
papers, editorials, comments and animal studies were excluded. Single
case reports were included given the rarity of this association. Using the
search parameters, 1041 records were identified. After removing the
duplicates, 688 records were evaluated for eligibility based on their ti-
tles and abstracts, 99 were full text read. Finally, 46 papers were
included in the study (Alagoda et al., 2023; Benoit et al., 2023; Ellwardt
et al., 2020; Gadoth et al., 2017; Galié et al., 2016; Gastaldi et al., 2019;
Giacomo et al., 2020; Goebel et al., 2025; Greguletz et al., 2024; Hu
et al., 2023; Irani et al., 2012; Jiang et al., 2022; Joubert et al., 2016;
Kim et al., 2020; Klein et al., 2012; Lahoria et al., 2017; Lancaster et al.,
2011; Laurencin et al., 2015; Li et al., 2022b; Li et al., 2022a; Liu et al.,
2021; Lopez-Chiriboga et al., 2018; Loukaides et al., 2012; Maramattom,
2024; Nawfal et al., 2022; Ong et al., 2013; Orsucci et al., 2018; Poyraz
et al.,, 2017; Qin et al., 2021; Ramanathan et al., 2021; Saluja et al.,
2022; Samogalskyi et al., 2021; Shivaram et al., 2021; Singh et al., 2018;
Song et al., 2017; Spagni et al., 2023; Sunwoo et al., 2015; Surana et al.,
2019; Swayang et al., 2021; Syrbe et al., 2020; Tan et al., 2022; Vale
et al., 2017; van Sonderen et al., 2016; Vincent et al., 2018; Wu et al.,
2021; Zhang et al., 2016). The flow chart of the systematic review
strategy is shown in Fig. 1. Finally, to ensure the quality of the included
studies, all articles were assessed using the Critical Appraisal Tools for
use in JBI Systematic Reviews, applying the appropriate checklist for
each study type (case reports, case series, cohort studies, cross-sectional
studies, and case-control studies). All 46 articles passed the quality
assessment (Moola et al., 2020) (Supplementary Table 1-5).

2.2.3. Data extraction and analysis

Data extraction was independently performed by three reviewers
(SC, MUV, and MS) using a standardized data collection form, in order to
minimize the heterogeneity of the different studies. A double-checking
process was conducted by two independent reviewers to ensure accu-
racy. Any discrepant data were reviewed and resolved after re-
examination of the source studies. For each study, the following data,
when available, were retrieved: article title, author, year, journal,
number of cases, patient age and sex, presence of other neural anti-
bodies, characteristics of pain, presence of isolated pain and associated
clinical manifestations, tumor associations, cerebrospinal fluid (CSF)
and electrodiagnostic studies, autonomic tests and skin biopsy results,
treatment types (immunotherapy, symptomatic or both), response to
therapy and clinical outcome. In cases with overlapping treatments, the
sequence of therapeutic responses was often clearly reported. This
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Identification of studies via databases and registers J
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No data on antibody status (n = 13)
Alternative diagnosis
(n=3)
Does not meet study object (n = 6)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing systematic review selection process.

allowed us to assess the efficacy of individual therapies, even when
patients received both symptomatic and first- or second-line immuno-
therapy. When neurophysiological studies were reported, neuro-
myotonia was defined as spontaneous and continuous
electromyography (EMG) activity with characteristic neuromyotonic
discharges and/or myokymia, whereas peripheral nerve hyperexcit-
ability (PNH) encompassed a broader range of EMG abnormalities,
including fasciculations and cramps, that did not meet the full criteria
for neuromyotonia (Dengler et al., 2020; Gutmann et al., 2001; Hart
et al., 2002; Hutto and Harrison, 2021; Katirji, 2019). For each analysis,
the number of patients for whom the relevant information was available
has been specified, in order to avoid reporting bias and maintain the
correct proportion.

2.3. Statistical analysis

The collected data were combined to provide information on de-
mographics, clinical characteristics, diagnostic methods, and treatment
approaches, described using means, frequencies, and proportions.
Where applicable, between-group comparisons were conducted using
Fisher’s exact test or the Chi-square test for categorical data.

3. Results
3.1. Index case

A 54-year-old male patient presented with rapidly progressive
burning and tingling pain in his lower limbs. Neurological examination,
nerve conduction studies (NCS) and EMG were normal, but distal leg
skin biopsy indicated small fiber neuropathy (3.24 intra-epidermal
nerve fiber density (IEFND)/mm, normal range > 3.50 IEFN/mm)
(Lauria et al., 2010). Diagnostic assessments for neuropathic pain
revealed a Douleur Neuropathique 4 (DN4) score of 4 (where a score >
4/10 indicates neuropathic pain) (Bouhassira et al., 2008), a Patient-
Reported Outcome Measurement Information System Pain Interference
(PROMIS-PI) score of 40 (Askew et al., 2016), and a EuroQol 5-Dimen-
sion 5-Level (EQ-5D-5L) score of 20 (Herdman et al., 2011). Screening
for neural antibodies identified CASPR2 antibodies in both CSF (1:2
dilution) and serum (1:6400 end-point dilution), with a predominance
of CASPR2-IgG4 after specific IgG quantification by flow cytometry
(Fig. 2). TBA was performed in two centers (Florence and Lyon) and
resulted negative. Given the presence of CASPR2 antibodies in CSF,
central nervous system (CNS) involvement was explored by performing
brain magnetic resonance imaging (MRI) and electroencephalogram,
both unremarkable. The total body computer tomography didn’t show
any sign of tumor. Initial treatment with gabapentin (50 mg + 50 mg +



S. Cornacchini et al.

S 8000
£ 6,400
= 6,000
‘e
>
-ng, 4,000 RTX administered
Ity June 2023
=]
3 2,000 150
«
o D\E
S 0 °
1,200,000
o
2
= 900,000
3
2
8
& 600,000
=
H
@
« 300,000 -
=
&
4
& 2,000 4
<
© 1,000
1gG1 1gG2 1gG3 IgG4 1gG1 1gG2 1gG3 IgG4 1gG1 1gG2 1gG3 IgG4

January 26th 2023 March 27th 2023 RTX May 15th 2024

Fig. 2. Index Case CASPR2-IgG subclass analysis.

CASPR2-IgG subclass levels (normalized DMFI, ABC) measured by flow
cytometry by live CBA (left y axis) and CASPR2-IgG end-point titration (right y
axis) in patient’s serum.

75 mg daily) was not effective in controlling the pain, while high dose
oral corticosteroids (prednisone 75 mg daily) resulted in partial
improvement. Second-line treatment with rituximab (RTX) (1 g twice,
two weeks apart) led to complete remission (Supplementary Fig. 1). At
last evaluation, 19 months after disease onset, the patient was asymp-
tomatic, with significantly improved clinical scores (DN4 = 0, PROMIS-
PI = 9, EQ-5D-5L = 6). Interestingly, while the skin biopsy, repeated
after 3 and 10 months from the RTX infusion, showed contrasting results
(3.40 IEFN/mm and 3.25 IEFN/mm respectively) with no correspon-
dence with patient’s symptoms, serum CASPR2 antibodies were nega-
tive after 10 months following RTX.

3.2. Systematic literature review

3.2.1. Clinical and demographic features of the study cohort
The systematic review of the literature identified 216 patients with
CASPR2 antibodies and neuropathic pain from 46 papers. Demographic

Table 1
Demographic and clinical data of the population included in the systematic
review.

Patients with pain in the context of CASPR2 spectrum disease (n

= 216)

Mean age (n = 150) 50.8 years
Mean age in children (n = 19) 8.5 years
Mean age in adults (n = 131) 55.8 years

Sex, number and % of male (n = 150) 127/150 (84.7
%)

Patients with isolated pain 16/216 (7.4 %)
Symptoms associated with pain (n = 162)

Patients with PNS + CNS involvement 93/162 (57.4

Morvan syndrome %)
65/93
Patients with PNS involvement 23/162 (14.2
Neuromyotonia/Isaac’s syndrome %)
Cramp-fasciculation syndrome 22/23
1/23
Patients with CNS involvement 46/162 (28.4
Limbic encephalitis %)
30/46

CASPR2, contactin-associated protein 2; PNS, peripheral nervous system; CNS,
central nervous system.
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data were available in 150 patients and are summarized in Table 1. In
this population 127 (84.7 %) were male. The average age at symptoms
onset was 50.8 years, ranging from 18 months to 76 years. When
stratified for pediatric (<18 years) or adult (>18 years) onset, the
average age was 8.5 years for children and 55.8 years for adults.
Sixteen/216 (7.4 %) patients were reported to have CASPR2 antibody
disease spectrum associated with cancer. Specifically, 13/16 (81.3 %)
had thymoma, 1/16 (6.3 %) had bowel carcinoma, 1/16 (6.3 %) had a
pseudopapillary pancreatic tumor, and 1/16 (6.3 %) had thyroid cancer.

Neuropathic pain was reported in association with other neurolog-
ical symptoms of CASPR2 antibody disease spectrum in 162/216 (75.0
%) (Table 1). Specifically, symptoms involving both the CNS and pe-
ripheral nervous system (PNS) were noted in 93/162 (57.4 %) patients,
including 65/93 (69.9 %) patients with Morvan syndrome. Among the
remaining 28/93 (30,1 %) patients with combined PNS and CNS
involvement not meeting criteria for Morvan syndrome, the most
frequent clinical manifestations included autonomic dysfunction,
weight loss, insomnia, and cognitive fluctuations. Symptoms affecting
only the PNS were reported in 23/162 (14.2 %) patients, all of whom
were diagnosed with acquired neuromyotonia (or Isaacs’ syndrome),
except for one patient with cramp fasciculation syndrome. Symptoms
limited to the CNS were observed in 46/162 (28.4 %) patients, including
30/46 (69.8 %) patients with limbic encephalitis. Of the 16 CNS-only
patients without limbic encephalitis, other reported CNS syndromes
included non-limbic encephalitis, generalized seizures without MRI
abnormalities, insomnia and brainstem involvement. Isolated neuro-
pathic pain associated with CASPR2 antibodies was described in only
16/216 (7.4 %) of patients. In the remaining 38/216 (17.6 %) patients,
neuropathic pain was reported in association with other unspecified
symptoms.

3.2.2. Characteristics of CASPR2 antibody positive neuropathic pain

The neuropathic pain was typically severe, with a distinct phenotype
described in 147 patients, distributed as follows: distal burning pain was
observed in 74/147 patients (50.3 %), widespread pain with myalgia
and cramps in 31/147 patients (21.1 %), and severe back pain radiating
to the legs in 13/147 patients (8.8 %). Seventeen/147 patients (11.6 %)
experienced pain with uncommon distributions, including facial pain
(reported in 2/147 (1,4 %) patients), generalized pain, thoracic or
abdominal pain, and upper limb pain. Lastly, 12/147 patients (8.2 %)
reported a combination of different pain phenotypes, mostly distal
burning pain combined with myalgia and cramps (7/12, 58,3 %), fol-
lowed by back pain with cramps (3/12, 25,0 %) (Fig. 3a). In patients
with isolated pain, information about pain phenotypes were available
only in 7/16 (43,7 %) patients, and distal burning pain (5/16, 31,3 %)
was the predominant phenotype. Interestingly, while in pediatric pa-
tients the most frequent clinical presentation was severe back pain
radiating to the legs (6/11 (54.5 %), this phenotype was reported in only
6.6 % (7/106) of adults (Chi-square test, p = 0.0027). Conversely, the
most frequent phenotype in adult patients was “distal burning pain,”
reported in 53.8 % (57/106), whereas this phenotype was found in only
18.1 % (2/11) of pediatric cases (Chi-square test, p = 0.03).

3.2.3. Paraclinical tests

NCS and EMG were reported in 76 patients, revealing normal results
in 12/76 cases (15.8 %), nonspecific alterations in 14/76 (18.4 %), and
signs of PNH in 50/76 patients (65.8 %), with a defined diagnosis of
neuromyotonia in 66 % of them (33/50). Distal burning pain was
associated with normal or nonspecific NCS/EMG findings in 13/28
(46.4 %) of patients, while 15/28 (53.6 %) showed EMG results
consistent with PNH (including 7/15 (46,7 %) defined neuromyotonia).
In contrast, pain with myalgia and cramps (whether alone or in com-
bination with other phenotypes) was associated with PNH in 12/14
(85.7 %) patients (with 6/14 (42,9 %) defined neuromyotonia), and
with nonspecific EMG alterations in 2/14 (14.3 %). Similarly, for severe
back pain radiating to the legs, 9/10 (90.0 %) patients had EMG results
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Fig. 3. CASPR2-related pain phenotypes and EMG findings.
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54% (74)

21% (31)

9% (13)

5% (7)

2% (3)

11% (17)
147 patients total

27% 58% EMG: Normal, nonspecific

alterations or other alterations

73% 42% EMG: Neuromyotonia

0% 0% EMG: Peripheral nerve

hyperexcitability

75% 65% SNC+SNP
8% 6% SNP
8% 29% SNC
8% 0%

Isolated pain

100%

(a) Distribution and association of the main pain phenotypes described in the population included in the systematic review; (b) Heatmap showing the distribution of
EMG findings and neuroanatomical involvement across different pain phenotypes in CASPR2 antibody disease spectrum. Abbreviations: EMG: electromyography;

SNC: Central Nervous System; SNP: Peripheral Nervous System.

indicating PNH (with 7/9 patients with defined neuromyotonia), while
only one patient had a sensorimotor polyneuropathy in lower extrem-
ities (nonspecific EMG changes) [Table 2 and Fig. 3b]. Small fiber
involvement was investigated in 19/216 (8,8 %) patients and resulted
positive in 16/19 (84,2 %) [Table 2]. In particular, 7/19 patients un-
derwent skin biopsy which resulted positive for small fiber neuropathy
in 5/7 (71,4 %) patients. The most frequent tests used for the assessment
of the pain are summarized in Table 2. Interestingly, patients with
abnormal small fiber tests results who also underwent NCS/EMG studies
reported a normal or nonspecific EMG in 4/12 (33,3 %) cases, defined

neuromyotonia in 5/12 (41,7 %) and a sensorimotor polyneuropathy in
3/12 (25,0 %).

Forty-eight/216 (22.0 %) patients were double-positive for CASPR2
and LGI1 antibodies, one patient was positive for CASPR2 and contactin-
2 antibodies (Vincent et al., 2018), one patient tested positive for
CASPR2, LGI1, and contactin-2 antibodies (Loukaides et al., 2012), and
one patient was positive for CASPR2 and UNC5A antibodies (Spagni
et al., 2023). Serum antibody titers were reported in 73/216 (34.0 %)
patients, with levels ranging from 1:10 to 1:10.000. CASPR2 antibody
testing was performed on CSF in 62/216 (28.7 %) patients and was
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Table 2
Diagnostic tests performed by the population included in the systematic review.

Diagnostic tests performed (number of patients who underwent Results

the test)

ENG/EMG in the total population (76/216 cases)

Normal 12/76 (15.8 %)
Neuromyotonia or peripheral nerve hyperexcitability 50/76 (65.8 %)
Neuromyotonia 33/42 (78.6 %)

9/42 (21.4 %)
14/76 (18.4 %)
8/14 (57.1 %)

Peripheral nerve hyperexcitability
Other or nonspecific alterations
Nonspecific alterations

Other 6/14 (42.9 %)
Motor polyneuropathy 1/6
Sensorimotor polyneuropathy 5/6

ENG/EMG in patients with distal burning pain (28/76 cases)

Normal, nonspecific alterations or other alterations 13/28 (46.4 %)

Normal 6/13

Nonspecific alterations 5/13

Motor neuropathy 1/13

Sensorimotor neuropathy 1/13
Neuromyotonia or peripheral nerve hyperexcitability 15/28 (53.6 %)

7/15 (46.6 %)
8/15 (53.3 %)

Neuromyotonia
Peripheral nerve hyperexcitability
ENG/EMG in patients with myalgia and cramps (14/76 cases)
Neuromyotonia or peripheral nerve hyperexcitability
Neuromyotonia
Peripheral nerve hyperexcitability
Nonspecific alterations 2/14 (14.3 %)
Normal 0 (0 %)
ENG/EMG in patients with back pain radiating to the legs (10/76 cases)
Neuromyotonia or peripheral nerve hyperexcitability 9/10 (90.0 %)
Neuromyotonia 7/8 (85.7 %)
Peripheral nerve hyperexcitability 2/8 (14.3 %)
Other alterations (sensorimotor polyneuropathy) 1/10 (10.0 %)
Normal 0 (0 %)
Dysautonomic test or skin biopsy (19/216 cases)
Skin biopsy (7)

12/14 (85.7 %)
6/12 (50.0 %)
6/12 (50.0 %)

Positive 5/7
Sampling location

Tight + calf 4/7
Dorsal region 1/7
Distal leg 1/7
Unspecified 177

Quantitative sensory testing (QST) (4)

Positive 4/4
Sympathetic skin response (SSR) (6)

Positive 1/6
Quantitative Sudomotor Axon Reflex Test (QSART) (5)

Positive 3/5
Thermoregulatory sweat test (TST) (2)

Positive 2/2
Sudoscan (electrical skin conductance) (1)

Positive 1/1
Laser Evoked Potentials (LEPs) (4)

Positive 3/4
Cutaneous silent period latency and the R3-reflex (1)

Positive 1/1
Antibodies Assay
Serum (216/216 cases)

CASPR2 abs + LGI1 abs 48/216
CASPR2 abs + contactin-2 abs 1/216
CASPR2 abs + LGI1 abs + contactin-2 abs 1/216
CASPR2 abs + UNC5A abs 1/216
Serum antibody titres range (73) 1:10 to
1:10.000

CSF (62/216 cases)
CASPR2 antibodies 33/62
15/33 Morvan syndrome
1/33 Limbic encephalitis
3/33 PNS involvement
14/33 Unknown

CFS antibody titres range (45) 1:1 to 1:10.000

ENG, electroneurography; EMG, electromyography; abs, antibodies; CASPR2,
contactin-associated protein 2; LGI1, leucine rich glioma inactivated 1; UNC5A,
unc-5 netrin receptor A; CSF, cerebrospinal fluid.
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positive in 33/62 (52.0 %) cases, with titers ranging from 1:1 to
1:10.000 [Table 2]. No patient tested positive only in CSF. Interestingly,
among patients with CASPR2 antibodies both in serum and CSF, 3 pa-
tients had isolated PNS involvement, including the patient presented in
our study.

3.2.4. Treatment strategies and clinical outcome

Comprehensive information about the treatments used for the
CASPR2 antibody-associated neuropathic pain was available in 111/216
patients. Of the 111 patients treated: 16/111 (14.4 %) received symp-
tomatic therapy only, 44/111 (39.6 %) immunotherapies only, and 51/
111 (45.9 %) both. Most patients were treated with corticosteroids as
first line immunotherapy (66/96, 68.8 %), followed by intravenous
immunoglobulin (IVIG) (52/96, 54.2 %) and plasma-exchange (28/96
29.2 %), while RTX was the most frequently used second line immu-
notherapy, administered in 18/96 (18.6 %) patients [Fig. 4a]. The most
used symptomatic treatment were carbamazepine and opioids (both in
16/49 (33 %) of patients), followed by gabapentin and pregabalin (in
13/49 (27 %) and 12/49 (24 %) of patients respectively) [Fig. 4b].
Treatment response, based on clinical improvement at last follow-up,
was reported in 49/111 (44,1 %) patients who received symptomatic
therapy and 86,/108 (79,6 %) patients who received immunotherapy.

Importantly, 34/89 (38.2 %) of patients treated with immuno-
therapy had a complete response compared to only 10/49 (20.4 %) of
patients treated with symptomatic therapy — of whom only 5/10
received symptomatic therapy alone ([Fig. 4c-d]. Partial responses were
reported in 17/49 (34.7 %) patients with symptomatic therapy and 42/
89 (47.2 %) patients with immunotherapy. When analyzing immuno-
therapy outcomes by treatment line, first-line therapies resulted in
complete remission in 21/53 (39.6 %) of patients. Importantly, 13/27
(48.1 %) patients treated with second line therapies achieved complete
remission, while only one case did not response to treatment. Finally,
partial response was reported in 22/53 (41.5 %) patients with first line
immunotherapy and in 13/27 (48.1 %) patients with second line therapy
[Fig. 4c]. Despite the overall favorable outcome, five patients experi-
enced a relapse after immunotherapy: three following corticosteroid
tapering, one after discontinuing tocilizumab, and one after stopping
methotrexate. Relapses were managed by reintroducing the previous
therapy.

Clinical outcome measures specific for the pain assessment were
applied in only 43/216 patients (some patients were assessed using
multiple scales). The most frequently used scale was modified Rankin
Scale (mRS) in 25/43 cases (58.0 %), while the DN4, the POMISE-PI, and
the EQ5D-5 L were used in 12/43 (28.0 %) patients, the Neuropathy
Impairment Score in 7/43 (16.0 %) and the Numeric Rating Scale for
pain in 6/43 (14.0 %) patients.

4. Discussion

Neuropathic pain appears to be a non-negligible symptom in CASPR2
antibody disease spectrum. The pathogenicity of CASPR2 antibodies in
causing pain has been previously demonstrated in a passive transfer
model, resulting in increased pain sensitivity and enhanced sensory
neuron excitability in mice after CASPR2 IgGs’ injection (Dawes et al.,
2018). No differences in IENFD, demyelination, or variations in the
number or diameter of axons were observed between animals treated
with IgG from healthy controls and those treated with IgG from CASPR2
antibody-positive patients (Orsucci et al., 2018) suggesting that func-
tional damage is likely the main mechanism of action of CASPR2 anti-
bodies. However, it has been shown that dorsal root ganglion (DRG)
neurons incubated with human CASPR2 antibodies exhibit a loss of Kv1
channel membrane expression at the juxtaparanode and increased hy-
perexcitability (Dawes et al., 2018). Another study demonstrated that
Kv1l.1 clustering is regulated by the interaction between CASPR2 and
contactin-2 at the juxtaparanode, and CASPR2 antibodies have the
ability to disrupt this interaction (Patterson et al., 2018). Finally, a more
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a) Immunotherapy usage
IVIG 65% (52)
PLEX 29% (28)
CCs 69% (66)
Rituximab 19% (18)
MMF 4% (4)
Ciclofosfamide 8% (8)
Others 7% (7)
96 patients total
c) Immunotherapy response
(K]
89 patients total
I line 53 patients total
R
Il line 27 patients total

[13 [13 i

|:| complete partial no
response response response

Fig. 4. Treatment used and relative response.
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b) Symptomatic treatments
Carbamazepina 33% (16)
Oppioidi 33% (16)
Gabapentin 27% (13)
Pregabalin 24% (12)
Phenitoina 14% (7)
Amitriptilina 10% (5)
Duloxetina 10% (5)
Others 12% (6)
49 patients total
d) Symptomatic treatments response
49 patients total
I:' complete partial no
response response response

(a) Proportion of immunotherapy drugs used with median number of agents used; (b) Proportion of symptomatic drugs used with median number of agents used; (c)
Distribution of immunotherapy response and stratification of response after I-line and II-line immunotherapy; (d) Distribution of symptomatic treatment response.
Abbreviations: IVIG, intravenous immunoglobulin; PLEX, plasma exchange; CCS, corticosteroids; MMF, mycophenolate mofetil.

recent study involving CASPR2-antibody positive patients with signifi-
cantly reduced IENFD showed that CASPR2 antibodies bind to rodent
DRG neurons and to human-induced pluripotent stem cell derived un-
myelinated sensory nerve axons (Ramanathan et al., 2021). Collectively
these findings suggest that the neuronal hyperexcitability and pain
caused by CASPR2 antibodies result from the functional disruptions in
nerve signaling that could lead to structural damage. The lack of cor-
relation between IENFD and clinical outcome in our index case supports
the notion that functional alterations, rather than structural damage,
may underlie CASPR2-associated neuropathic pain. Another diagnostic
tool that deserves consideration is the TBA. Interestingly, in the index
case, the TBA was negative despite strong CASPR2 positivity in both
serum and CSF using live CBA. This discrepancy likely reflects the higher
sensitivity of CBA in detecting CASPR2 antibodies compared to indirect
immunofluorescence TBA, as also previously reported in a large patient
cohort (Gadoth et al., 2017). From a clinical perspective, although
limbic encephalitis or neuromyotonia are the most common clinical
presentations in CASPR2 antibody disease spectrum, 44 % of patients
have neuropathic pain at onset (Boyko et al., 2020), and here we showed
that around 8 % of patients may present with isolated neuropathic pain,
stressing the importance of testing for CASPR2 antibodies in patients

with this clinical presentation, when more common clinical etiologies
are excluded. CASPR2-associated neuropathic pain appears to be severe
and distinctive: patients may present with distal burning pain, which is
the predominant phenotype in adults, with widespread pain with
myalgia and cramps, or severe back pain radiating to the legs, which
appears to be the most common clinical phenotype in pediatric patients.
The clinical suspicion should guide the antibody testing and the EMG
confirmation, although our review found that patients with distal
burning pain more frequently had a normal/nonspecific pattern on
EMG. Importantly, small fiber studies revealed significant alterations in
nociceptive or autonomic fibers, making this technique worth evalu-
ating in patients with CASPR2 associated neuropathic pain. Our litera-
ture review highlighted a very limited use of objective clinical scales for
pain assessment and their heterogeneity and the need for standardized
assessment and management of patients with CASPR2 -associated
neuropathic pain. Finally, it is noteworthy that, while most patients did
not achieve complete remission after symptomatic therapy, immuno-
therapy was effective in most cases. Additionally, While second-line
therapy —particularly RTX— appeared favorable, with all but one pa-
tient showing further improvement or complete remission, the overall
rate of clinical benefit (partial or complete response) was comparable
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between first- and second-line treatments. The beneficial effect of RTX
may be explained by the fact that CASPR2-IgG antibodies are predom-
inantly IgG4 (Greguletz et al., 2024; van Sonderen et al., 2016), which
are thought to be produced by short-lived plasma-cells, normally fully
depleted by RTX, as previously reported (Nawfal et al., 2022). Different
to our findings, a recent paper on CASPR2-related pain (Ceronie et al.,
2025) reported that immunotherapy was not associated with improve-
ment in pain (and fatigue) in 60 % of the patients analyzed. However,
most of these patients had a long disease history and only received first-
line immunotherapy, which -based on our findings-may partially explain
why the treatment response was unsatisfactory in most patients.

The primary limitation of our study is the heterogeneity of the
included studies, particularly regarding the methods used to report pain
and treatment response, as well as variations in diagnostic approaches
and management strategies. Specifically, the method used to detect anti-
CASPR2 antibodies was reported in all but five studies, which were
nonetheless included due to the rarity of the condition. However, we
recommend for future studies to consistently report the antibody
detection method to enhance reliability and allow for more robust an-
alyses (McCracken et al., 2017). Gensequerntly In other cases of missing
information, to preserve methodological rigor, sub-analyses were con-
ducted on smaller subsets of the included patient population.

5. Conclusions

In summary, neuropathic pain is a relevant symptom in CASPR2
antibody disease spectrum that should be thoroughly evaluated and, if
possible, objectively measured with appropriate outcome measures. It
can be present in the context of specific phenotypes and, in rare cases,
may be the only presenting symptom. For this reason, testing for
CASPR2 antibodies should be considered in the work up of patients with
subacute neuropathic pain. Moreover, CASPR2 related neuropathic pain
appears to respond poorly to symptomatic therapy only, but shows a
satisfactory response rate to immunotherapy, and especially RTX,
underlining the importance of optimizing the treatment strategy. Pro-
spective studies could be useful to more accurately assess the thera-
peutic response, particularly in determining the optimal timing for drugs
administration and the follow-up required to evaluate treatment
response in these patients.
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